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57 ABSTRACT

A static random access memory (SRAM) device includes a
memory array of a plurality of memory cells, a controller that
receives an external clock signal formed by a succession of
external pulses and generates an internal clock signal formed
by a succession of internal pulses, and a driving circuit that
receives the internal clock signal. The controller is operable in
a first mode, wherein the controller generates, for each exter-
nal pulse, a corresponding internal pulse and the controller
controls the driving circuit so that the driving circuitry carries
out one access to the memory array for each internal pulse.
The controller is further operable in a second mode, wherein
the controller generates, for each external pulse, a pair of
internal pulses, and the controller controls the driving cir-
cuitry so that, for each pair of internal pulses, the driving
circuitry writes a first data item in a set of memory cells, and
then reads the set of memory cells, so as to acquire a second
data item.

15 Claims, 4 Drawing Sheets
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SRAM MEMORY DEVICE AND TESTING
METHOD THEREOF

BACKGROUND

1. Technical Field

The present disclosure relates to an improved static ran-
dom-access memory (SRAM) memory device and to a
method for testing the same.

2. Description of the Related Art

As shown in FIG. 1, an SRAM memory device 1 of the
known type is formed by a memory array 2 including a
plurality of SRAM cells 3, these latter being arranged so as to
define a first number N of rows and a second number M of
columns.

In addition, the SRAM memory device 1 comprises a row
decoder 4, a first pre-charge circuit 6 and a read/write circuit
8. Furthermore, the SRAM memory device 1 comprises a
number of first conductive paths WL equal to the number N of
rows, these first conductive paths WL being known as word
lines and being connected to the row decoder 4; each word
line WL is further connected to the SRAM cells 3 of the
corresponding row of the memory array 2.

The SRAM memory device 1 includes also, for each col-
umn of SRAM cells 3, a first and a second bit-line BLC, BLT.
In particular, given a column of SRAM cells 3, the corre-
sponding first and second bit-line BL.C, BLT are both con-
nected to the first pre-charge circuit 6 and to the read/write
circuit 8 (these latter connections not being shown), as well as
to the SRAM cells 3 of the corresponding column of the
memory array 2. Although not shown in FIG. 1, the SRAM
memory device may also include a multiplexing circuit,
which allows the device to write several words in each row;
however, for the sake of simplicity, in the following it will be
assumed that such a multiplexing circuit is absent.

In greater detail, as shown in FIG. 2, each SRAM cell 3 is
formed by a first and a second transistor PUF, PUT, generally
of'the P-MOS type and referred to as the first and the second
load transistor, and a third and a fourth transistor PDF and
PDT, generally of the N-MOS type and referred to as the first
and the second pull-down transistor. Furthermore, each
SRAM cell 3 comprises a fifth and a sixth transistor PGF and
PGT, generally of the N-MOS type and referred to as the first
and the second selecting transistor.

The control terminal of the first load transistor PUF is
connected to the control terminal of the first pull-down tran-
sistor PDF, thereby defining a first node T. A first conductive
terminal of the first load transistor PUF is connected to a first
conductive terminal of the first pull-down transistor PDF,
thereby defining a second node F. A second conductive ter-
minal of the first load transistor PUF is connected to a third
node DD, which, in use, is set to a supply voltage V; a
second conductive terminal of the first pull-down transistor
PDF is connected to ground.

The control terminal of the second load transistor PUT and
the control terminal of the second pull-down transistor PDT
are both connected to the second node F. A first conductive
terminal of the second load transistor PUT and a first conduc-
tive terminal of the second pull-down transistor PDT are both
connected to the first node T. Furthermore, a second conduc-
tive terminal of the second load transistor PUT is connected to
the third node DD, whereas a second conductive terminal of
the second pull-down transistor PDT is connected to ground.

In addition, the control terminals of the first and the second
selecting transistor PGF, PGT are both connected to the word
line WL which corresponds to the considered SRAM cell 3.
The first and the second conductive terminal of the first select-
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ing transistor PGF are respectively connected to the second
node F and the first bit line BLC of the considered SRAM cell
3, the first and the second conductive terminals of the second
selecting transistor PGT are respectively connected to the first
node T and the second bit line BLT of the considered SRAM
cell 3.

As is known, each SRAM cell 3 stores a logic value (bit),
which is equal to “1” or “0”. Each stored logic value corre-
sponds to a pair of voltages of the first and the second node T,
F. As an example, when the SRAM cell 3 stores the logic
value “1”, the voltage on the first node T is high, whereas the
voltage on the second node F is low; conversely, when the
SRAM cell 3 stores the logic value “0”, the voltage on the first
node T is low, whereas the voltage on the second node F is
high. Of course, the relationships between the stored logic
values and the voltages on the first and second node T, F may
be reversed. However, for the sake of simplicity, in the fol-
lowing it is assumed that the logic value “1” corresponds to a
high voltage on the first node T and a low voltage on the
second node F.

Operatively, the row decoder 4 may be controlled so as to
dynamically select one from among the N word lines WL,
namely to set a high voltage on the selected word line WL, and
to setalow voltage on all the other word lines WL. To this end,
the row decoder 4 receives an address signal ADDR, which
represents the word line WL to be selected. In such a way, all
the SRAM cells 3 of the row which corresponds to the address
signal ADDR are selected, namely the corresponding first and
second node T, F are connected to the corresponding second
and first bit lines BLT, BLC, thereby allowing the device to
read or write the selected SRAM cells 3, as described here-
inbelow.

That being said, and referring again to FIG. 1, the SRAM
memory device 1 further includes a dummy read cell 20, a
dummy row 22, a dummy row decoder 24, a dummy read
column 26, a second pre-charge circuit 28 and a dummy
amplifier 30. Furthermore, the SRAM memory device 1
includes a controller circuit 40.

In detail, the dummy row 22 comprises a number M of
SRAM memory cells 3 (not shown), which are connected to
the dummy row decoder 24 by means of a dummy word line
DWL; furthermore, each SRAM cell 3 of the dummy row 22
is connected to the corresponding pair of first and second bit
line BLC, BLT. In addition, the dummy read cell 20 is formed
by a “hard-wired” SRAM cell, namely by an SRAM cell
whose first and second node T, F are set to fixed voltages. Put
in other words, the dummy read cell 20 stores a fixed logic
value; furthermore, the dummy read cell 20 is connected to
the dummy word line DWL.

The dummy read column 26 comprises a number N of
further SRAM cells (not shown); these further SRAM cells
are not active, namely the control terminals of the first and
second selecting transistor PGF, PGT of each of these further
SRAM cells are connected to ground, so that these further
SRAM cells act as a capacitive load. Therefore, the SRAM
cells of the dummy read column 26 cannot be accessed.

In greater detail, all the SRAM cells of the dummy read
column 26 and the dummy read cell 20 are connected to the
same pair of first and second bit line, hereinafter referred to as
the first and the second dummy bit line DBLC, DBLT, these
first and second dummy bit line DBL.C, DBLT being further
connected to the second pre-charge circuit 28, as well as to the
dummy amplifier 30 (this connection not being shown in FIG.
1). The SRAM cells of the dummy read column 26 define a
capacitive load of the first and second dummy bit line DBLC,
DBLT.
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From a practical point of view, the memory array 2, the
dummy row 22, the dummy read cell 20 and the dummy read
column 26 form a sort of expanded memory array, which is
formed by (N+1)*(M+1) SRAM cells.

Operatively, the controller circuit 40 is adapted to receive,
besides the address signal ADDR, an external clock signal clk
and a write enable signal WEN. The external clock signal clk
represents a clock, namely a periodic squared pulse train.

In detail, based upon the external clock signal clk, the
controller circuit 40 may access the memory array 2, either to
write or read a selected row of the memory array 2. In greater
detail, at each clock pulse of the external clock signal clk, the
controller circuit 40 either writes or reads a row of the
memory array 2, according to the logic value of the write
enable signal WEN; in particular the writing or reading is
performed at an address (namely, a row of the memory array
2) indicated by the address signal ADDR.

In particular, in order to avail of a timing signal for carrying
out the reading or the writing, the controller circuit 40 gen-
erates an internal clock signal clk-int, based upon the external
clock signal clk, this internal clock signal clk-int being input-
ted to both the row decoder 4 and the read/write circuit 8, as
well as to the dummy row decoder 24. In addition, based upon
the external clock signal clk, the controller circuit 40 gener-
ates a pre-charge signal pch, which is inputted to both the first
and the second pre-charge circuit 6, 28. In particular, the
pre-charge signal pch is active when low, namely the first and
second pre-charge circuit 6, 28 are activated when the pre-
charge signal pchis low. Therefore, referring as an example to
the second pre-charge circuit 26, when the pre-charge signal
pch is low, both the first and the second dummy bit line
DBLC, DBLT are driven by the second pre-charge circuit 26
to a voltage equal to the supply voltage V .

In greater detail, as shown in FIG. 3, each rising edge of the
internal clock signal clk-int is triggered by a corresponding
rising edge of the external clock signal clk, from which it is
delayed by a certain amount of time, which depends on the
controller circuit 40. The same applies for the rising edges of
the pre-charge signal pch, whose rising edges are triggered by
the rising edges of the external clock signal clk.

Furthermore, after each rising edge of the internal clock
signal clk-int, both the dummy word line DWL and the word
line WL corresponding to the row indicated by the address
signal ADDR (hereinafter referred to as array word line WLi)
are asserted, namely are set at a high voltage, respectively by
the dummy row decoder 24 and the row decoder 4. In addi-
tion, the corresponding rising edge of the pre-charge signal
pch causes the first and the second pre-charge circuit 6, 28 to
stop the pre-charge on all of the first and second bit lines BL.C,
BLT, as well as on the first and second dummy bit line DBLC,
DBLT.

From a practical point of view, each rising edge of the
internal clock clk-int causes an inhibition of the pre-charge,
as well as the assertion of the dummy word line DWL and of
one among the word lines WL, in particular the array word
line WLi. Put in other words, if reference is made to the
signals sDWL and sWLi to indicate the electric signals on the
dummy word line DWL and the array word line WLi, each
rising edge of the internal clock signal clk-int causes a corre-
sponding rising edge of each of the signals sDWL and sWLi.

Afterwards, according to the write enable signal WEN; a
reading or writing is performed. In both cases, a discharge
occurs on one of the first and second dummy bit lines DBLC,
DBLT, depending on the fixed voltages of the first and second
node T, F of the dummy read cell 20. This discharge is
detected and performed by the dummy amplifier 30, which
acts as a dummy write discharge circuit, and which generates
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a timing signal RESET. In particular, upon detecting such a
discharge, the dummy amplifier 30 generates a falling edge of
the timing signal RESET, delayed with respect to the rising
edge of the internal clock signal clk-int. The timing signal
RESET is inputted to the read/write circuit 8.

Furthermore, based on the write enable signal WEN, dur-
ing the time interval between the rising edge of the pre-charge
signal pch and the falling edge of the timing signal RESET,
the read/write circuit 8 performs one of the following two sets
of operations.

In detail, in case the write enable signal WEN indicates
writing, the read/write circuit 8 writes the SRAM cells 3 of the
array word line WLi. To this end, as soon as the pre-charge
signal pch goes high, each of'the first and second bit line BL.C,
BLT of each of the SRAM cells of the array word line WLi is
driven by the read/write circuit 8 to a corresponding voltage;
to this end, the read/write circuit 8 comprises a plurality of
writing driving circuits (not shown). In such a way, when the
array word line WLi is asserted, given an SRAM cell of the
array word line WLi, the voltages on the corresponding first
an second node T, F are forced by the voltages on the corre-
sponding second and first bit line BLT, BLC, thereby causing
the given SRAM cell to store a given logic value.

On the other hand, if the write enable signal WEN indicates
reading, the read/write circuit 8 reads the SRAM cells 3 of the
array word line WLi. In detail, the end of the pre-charge and
the assertion of the array word line WLi causes, a considered
SRAM cell among the SRAM cells connected to the array
word line WL, the discharge of one of the corresponding first
and second bit line BLC, BLT, depending on the logic value
stored within the considered SRAM cell. From a practical
point of view, this discharge causes a voltage difference
between the first and second bit line BLC, BLT connected to
the considered SRAM cell; such a voltage difference is
detected by the read/write circuit 8 (to this end, the read/write
circuit 8 comprises a plurality of reading driving circuits),
thereby allowing the device to detect the logic value stored in
the considered SRAM cell. In particular, the reading driving
circuits are controlled by the timing signal RESET and each
of'them detects the respective voltage difference at the falling
edge of the timing signal RESET.

In greater detail, the timing signal RESET is inputted also
to the controller circuit 40, which generates a corresponding
falling edge of the internal clock signal clk-int, as well as a
corresponding falling edge of the pre-charge signal pch. In
addition, both the dummy word line DWL and the array word
line WLi are driven to a low voltage, so as to be ready to
receive a new address signal ADDR and perform a new read-
ing or writing at the next rising edge of the external clock
signal clk.

When the pre-charge signal pch goes down, the first and the
second pre-charge circuit 6, 28 start again to pre-charge the
bit lines to which they are connected. In particular, the new
pre-charge of the first and second dummy bit line DBLC,
DBLT is detected by the dummy amplifier 30, which gener-
ates a rising edge of the timing signal RESET.

From a practical point of view, the dummy row 22, the
dummy read cell 20 and the dummy column 26 represent a
dummy path, also known as self-timing path, which can be
used to determine the time performances of the SRAM
memory device 1, and in particular to determine the discharge
time of'the first and second bit lines BLC, BLT. To this regard,
it has to be noted that the dummy path is designed so that,
when the first (or second, as the case may be) dummy bit line
DBLC isdischarged, it may be safely assumed that also the bit
lines of the memory array 2 which have to be discharged
(depending on the stored logic values) have already been
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discharged. Therefore, the falling edge of the timing signal
RESET defines a time instant at which the reading or writing
has indeed been accomplished.

Put in other words, the discharge time of the dummy read
cell 20 (i.e., of one of the first and second dummy bit lines
DBLC, DBLT) defines an internal limit to the speed of the
SRAM memory device 1.

That being said, known SRAM cells are affected by the
so-called write time problem. In general, the write time is the
time taken by the SRAM cell to flip the voltages ofits firstand
second node F, T following a voltage change on the first and
second bit line BLC, BLT; such a voltage change being forced
during a writing operation.

In detail, consider the second node F, and assume that the
voltage V -on the second node F is low. In such a case, the first
load transistor PUF is “weak”, namely is resistive, and a
relatively long time is required to pull up the voltage V. to a
high level, such as during a writing operation aiming at setting
the voltages V. and V. to, respectively, a high and a low
voltage. Similar problems arise on the first node T. In this
case, the second load transistor PUT is weak, thereby leading
to long writing times, namely to writing times longer than the
designed writing times.

Long write times may cause problems, in particular at high
frequencies, namely at frequencies such that the time window
available for carrying out a writing/reading is so small that
even a small weakness of the SRAM cells can cause errors.

In detail, long write times may lead to two different kinds
of failures. In greater detail, a so-called read failure may
occur, in case the voltage difference between the first and
second node T, F is such that the read/write circuit 8, during a
reading which follows the abovementioned writing opera-
tion, does not detect the correct logic value. In fact, as already
said, the voltage V. is less than designed for such a situation,
and, since the second node F controls the second pull-down
transistor PDT, the voltage V, is higher than designed,
thereby leading to an incorrect detection by the read/write
circuit 8, and in particular by the reading driving circuits
contained therein.

Furthermore, long write times may lead to the so-called
static noise margin (SNM) failure. With reference to the
above example, it may happen that an insufficient voltage V .
causes a SNM failure during the reading operation. In fact, a
relatively low voltage V. causes a low conductivity of the
second pull-down transistor PDT, thereby leading to a voltage
increase on the first node T. Such a voltage increase on the first
node T may cause a flip of the logic value stored by the SRAM
cell, namely an undesired switching of the SRAM cell.

Unfortunately, failures due to the write time problem can-
not be easily detected by means of traditional testing meth-
ods. In fact, high speed access is used to detect write time
induced failures, therefore a dedicated test chip is used; such
a test chip being provided with an embedded built-in self test
(BIST) circuit; such a BIST circuit is in turn optimized to
perform high speed accesses. This kind of test chip is expen-
sive and limited to specific sizes of the SRAM memory device
to be tested.

BRIEF SUMMARY

Therefore, the disclosure provides for an SRAM memory
device solving at least in part the problems encountered by the
prior art. According to the disclosure, there are provided an
SRAM memory device and a testing method according to,
respectively, claim 1 and claim 8.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

For the understanding of the present disclosure, embodi-
ments are now described, purely as non-limitative examples,
with reference to the enclosed drawings, wherein:

FIG. 1 shows block diagram of an SRAM memory device
of the known type;

FIG. 2 shows a circuit scheme of a portion of an SRAM cell
of the known type;

FIG. 3 shows time plots of electric signals generated within
the SRAM memory device shown in FIG. 1;

FIG. 4 shows an SRAM memory device according to the
present disclosure; and

FIG. 5 shows time plots of electric signals generated within
the SRAM memory device shown in FIG. 4.

DETAILED DESCRIPTION

The present disclosure describes embodiments with refer-
ence to the SRAM memory device 50 shown in FIG. 4,
wherein components already present in the SRAM memory
device 1 shown in FIG. 1 are indicated by the same reference
signs.

In detail, the SRAM memory device 50 comprises a
dummy write cell 52, a dummy write column 54, a third
pre-charge circuit 56 and an end-of-pre-charge (“EOP”) gen-
erator 58.

In greater detail, the dummy write cell 52 is formed by a
respective SRAM cell, which is connected to the dummy
write line DWL. Furthermore, the SRAM cell which forms
the dummy write cell 52 may be inactive, namely the control
terminals of its first and the second selecting transistor PGF,
PGT may be connected to ground; in such a way, the power
consumption is reduced.

The dummy write column 54 is formed by a number N of
SRAM cells, which are not active. Therefore, the control
terminals of the first and second selecting transistor PGF,
PGT of each of the SRAM cells of the dummy write column
54 are connected to ground.

In greater detail, all the SRAM cells of the dummy write
column 54 and the dummy write cell 52 are connected to the
same pair of first and second bit lines, hereinafter referred to
as the first and the second dummy write bit lines DWBLC,
DWBLIT, these first and second dummy write bit lines
DWBLC, DWBLT being further connected to the third pre-
charge circuit 56, as well as to the EOP generator 58 (this
latter connection not being shown in FIG. 4). Therefore, the
SRAM cells of the dummy write column 54 define a capaci-
tive load of the first and second dummy write bit lines
DWBLC, DWBLT.

The third pre-charge circuit 56 receives at input the pre-
charge signal pch generated by the controller circuit, this
latter being herein designated by 60.

The EOP generator 58 is connected to the first and second
dummy write bit lines DWBLC, DWBLT; furthermore its
output is connected to the controller circuit 60.

In greater detail, the controller circuit 60 is adapted to
receive a mode signal SRAW, which defines a particular
operating mode. As an example, the mode signal SRAW may
be generated by an external microcontroller (not shown).

In particular, when the mode signal SRAW is high, the
functioning of the SRAM memory device 50 deviates from
the functioning of the SRAM memory device 1 shown in FI1G.
1, as described hereinafter with reference to FIG. 5, wherein
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electric signals generated within the SRAM memory device
50 during three pulses of the external clock signal clk are
shown.

Irrespective of the logic value of the mode signal SRAW,
the controller circuit 60 generates a latched write enable
signal WEN-int and a latched mode signal SRAW-int, respec-
tively based on the write enable signal WEN and the mode
signal SRAW. In particular, the latched write enable signal
WEN-int and the latched mode signal SRAW-int are obtained
by latching respectively the write enable signal WEN and the
mode signal SRAW with the internal clock signal clk-int.
Both the latched write enable signal WEN-int and the latched
mode signal SRAW-int are inputted to the EOP generator 58,
together with the internal clock signal clk-int. Furthermore,
the latched write enable signal WEN-int is inputted to the
read/write circuit 8, instead of the write enable signal WEN.

In greater detail, when the mode signal SRAW is low, the
SRAM memory device 50 operates like the SRAM memory
device 1 shown in FIG. 1.

When the mode signal SRAW is high, following a rising
edge of the internal clock signal clock-int, corresponding
rising edges of the pre-charge signal pch and of the signals
sDWL and sWLi are generated, as when the mode signal
SRAW is low. Furthermore, the dummy amplifier 30 gener-
ates the timing signal RESET as explained above, thereby
causing the controller circuit 60 to generate corresponding
falling edges of the internal clock signal clk-int and of the
pre-charge signal pch. In addition, both the dummy word line
DWL and the array word line WLi are driven to a high volt-
age, namely corresponding rising edges are generated within
the signals sDWL and sWLi.

Besides that, one of the first and second dummy write bit
lines DWBLC, DWBLT is discharged by the EOP generator
58, following the reception of the rising edge of the pre-
charge signal pch. Hereinafter, the bit-line discharged by the
EOP generator 58 will be referred to as the trigger bit line; the
electric signal on the trigger bit line is referred to as the trigger
signal sSDWBL. In this way, the EOP generator 58 acts as a
dummy write discharge circuit.

The trigger signal sDWBL is provided at input of the EOP
generator 58, which in turn generates an EOP signal, which is
inputted to the controller circuit 60.

In greater detail, the rising edge of the pre-charge signal
pch causes a corresponding falling edge of the trigger signal
sDWBL, due to the discharge of the trigger bit line. Further-
more, the falling edge of the pre-charge signal pch causes a
corresponding rising edge of the trigger signal sDWBL; in
particular, both the falling edge and the rising edge of the
trigger signal sDWBL have profiles which can be described
by means of exponential curves with not infinite time con-
stants.

More in particular, referring to a generic column of the
memory array 2 as the actual column, the actual column and
the dummy write column 54 are pre-charged and discharged
following the same timing, as described above. Furthermore,
the actual column and the dummy write column 54 define an
actual load and a dummy load, respectively on the actual bit
line (the bit line, between the first and second bit line which
are connected to the actual column, which is about to be
discharged during a reading/writing) and on the trigger bit
line. The actual load and the dummy load are both resistive-
capacitive (“RC”); furthermore, the EOP generator 58 and the
actual load and the dummy load are such that the rising edge
of'the EOP signal, which is set low by the EOP generator 58
following the detection of the rising edge of the internal clock
signal clk-int, is generated when the actual bit line reaches,
after being discharged, a voltage equal to the supply voltage
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Vo As an example, the EOP generator 58 may include an
inverter (not shown), the trip point of the inverter and the
actual load and the dummy load being such that the inverter
switches (and hence generates the rising edge of the EOP
signal) when the actual bit line reaches a voltage equal to the
supply voltage V,,, namely when the new pre-charge of the
actual bit line is completed.

In greater detail, the controller circuit 60 drives the latched
write enable signal WEN-int at a low voltage, after the rising
edge of'the internal clock signal clk-int. Therefore, during the
time interval between the rising edge of the pre-charge signal
pch and the falling edge of the timing signal RESET, the
read/write circuit 8 writes a first data item in the SRAM cells
3 of the array word line WLi.

Furthermore, the controller circuit 60 generates a rising
edge of the latched write enable signal WEN-int, after the
falling edge of the internal clock signal clk-int, this latter, as
already said, being triggered by the falling edge of the timing
signal RESET.

That being said, when the controller circuit 60 detects the
rising edge of the EOP signal, and hence the end of the
writing, it performs a reading, on the SRAM cells 3 of the
array word line WLi.

In detail, after detecting a rising edge ofthe EOP signal, the
controller circuit 60 generates a new rising edge of the inter-
nal clock signal clk-int. Furthermore, as already described,
the new rising edge of the internal clock signal clk-int causes
the generation, still by the controller circuit 60, of a new rising
edge of the pre-charge signal pch, a new rising edge of the
signals sDWL and sWLi, as well as of a new falling edge of
the timing signal RESET, which is delayed by a certain
amount of time with respect to the new rising edge of the
internal clock signal clk-int. As an exception, the new rising
edge of the internal clock signal clk-int is not used by the
controller circuit 60 to latch any one of the latched write
enable signal WEN-int and the latched mode signal SRAW-
int.

Furthermore, since the latched write enable signal WEN-
int has already been asserted (after receiving the falling edge
of the internal clock signal clk-int, which precedes the new
rising edge), during the time interval between the new rising
edge of the pre-charge signal pch and the new falling edge of
the timing signal RESET, the read/write circuit 8 reads a
second data item in the SRAM cells 3 of the array word line
WLi. In the case of an absence of errors, the second data item
is the same as the first data item.

The new falling edge of the timing signal RESET causes
corresponding new falling edges of the internal clock signal
clk-int, of the pre-charge signal pch and of the signals sSDWL,
sWLi. Furthermore, after these new falling edges of the inter-
nal clock signal clk-int, of the pre-charge signal pch and of the
signals sDWL, sWLi, the falling edge of the mode signal
SRAW brings the SRAM memory device 50 back to a per se
known initial state, which namely makes the SRAM memory
device 50 ready to acquire a new address and carry out a
reading or writing in a per se known manner.

From a practical point of view, when the mode signal
SRAW is asserted, the trigger signal sDWBL tracks the pre-
charge of' the bit-lines of the memory array 2 during a writing,
so0 as to detect the end of the recharge after the writing and
generate the EOP signal. After the end of such a writing, the
SRAM memory device 1 is set to a reading mode by means of
the latched write enable signal WEN-int, and a reading is
indeed performed. In particular, the timing of such a reading
is given by a new pulse of the internal clock signal clk-int,
triggered by the EOP signal. Such a reading is hence per-
formed before receiving a new pulse of the external clock
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signal clk, hence defines a sort of high access to the memory
array 2. In addition, this high speed access is made at the same
address used during the preceding writing. Therefore, by
comparing the abovementioned first and second data item, it
is possible to detect errors that occurred during this preceding
writing. It is thus possible to detect faulty SRAM cells, as an
example by iterating the SRAM mode operations for all the
SRAM cells 3 of the memory array 3, thereby obtaining a
matrix of the faulty SRAM cells. The above mentioned com-
parison may be carried out by the controller circuit 60.

Put in other words, when the mode signal SRAW is low, the
controller circuit 60 generates, for each pulse of the external
clock signal clk, a corresponding pulse of the internal clock
signal clk-int, and controls the read/write circuit 8 so that this
latter carries out one access to the memory array for each
pulse of the internal clock signal clk-int. In addition, when the
mode signal SRAW is high, the controller circuit 60 gener-
ates, for each pulse of the external clock signal clk, a corre-
sponding pair of pulses of the internal clock signal clk-int,
and controls the read/write circuit 8 so that: upon receiving
the first pulse of the pair of pulses of the internal clock signal
clk-int, the read/write circuit 8 writes the first data item in a
first set of memory cells; and, upon receiving the second pulse
of the pair of pulses of the internal clock signal clk-int, the
read/write circuit 8 reads this set of memory cells, so as to
acquire the second data item.

That being said, once an SRAM cell is detected as faulty, it
is further possible to determine whether the SRAM cell is
affected by a read failure or a static noise margin (SNM)
failure. As shown in FIG. 5, to distinguish between these two
kind offailures, it possible to perform an additional reading of
the faulty SRAM cell.

In detail, assuming that the faulty SRAM cell belongs to
the SRAM cells of the above mentioned array word line WL,
the additional reading is performed in a per se known manner,
so as to read a third data item, which is contained in the
SRAM cells of the array word line WLi. Prior to performing
the additional reading, the mode signal SRAW is set low, and
the write enable signal WEN is brought high.

The additional reading is performed following the recep-
tion, by the controller circuit 60, of a further pulse of the
external clock signal clk, such a further pulse following the
pulse of the external clock signal clk which has been received
when the mode signal SRAW was high and which led to the
detection ofthe faulty SRAM cell. Such a further pulse causes
the generation of a corresponding pulse of the internal clock
signal clk-int, which follows the second pulse of the pair of
pulses of the internal clock signal clk-int.

By comparing the abovementioned first data item and the
third data item, the controller circuit 60 may determine if the
error in the faulty cell has been solved.

In particular, if the bits of the first and third data item that
are written in the faulty cell are equal, it can be inferred that,
during the writing of the abovementioned first data item, the
faulty cell was affected by a temporary error, namely was
affected by a read failure. Conversely, if the bits of the first
and third data item that are written in the faulty cell are still
different, it can be inferred that the faulty cell is affected by a
permanent failure, namely is affected by a SNM failure.

Once that SNM failures and read failure are discriminated,
in a per se known manner, a target failure analysis can be
performed.

Purely by way of non-limiting example, FIG. 5 refers to the
case in which, after this additional reading, the controller
circuit 60 carries out a per se known writing. In case no fault
is detected when operating in the SRAW mode, after the mode
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signal SRAW is set low, a per se known access to the SRAM
memory device may be carried out, either for reading or
writing.

Basically, the present SRAM memory device performs a
high speed access by carrying out a “fast” read cycle imme-
diately after a writing operation, at the same SRAM cells
involved in such a writing operation and while keeping the
SRAM memory device isolated from the external world,
instead of restoring the SRAM memory device to the initial
state and acquiring a new address and new data for a next
access. In such a way, any error occurred during the writing
can be quickly detected.

In particular, as described hereinbelow, the present SRAM
memory device implements, besides the operation modes
commonly implemented by known SRAM memory devices,
an additional operation mode, namely the abovementioned
SRAW mode.

The advantages of the present SRAM memory device and
testing method emerge clearly from the foregoing descrip-
tion. In particular, the present SRAM memory device is char-
acterized by a low cost and easiness of implementation. Fur-
thermore, the present SRAM memory device is technology
independent, namely does not depend on the sizes of the
memory and can be used in both applications and so-called
SRAM Test Vehicles. Put in other words, the present technol-
ogy identifies SRAM cells affected by write time failures both
at test chip level and application level.

Finally, it is clear that numerous variations and modifica-
tions may be made to the present SRAM memory device and
testing method, all falling within the scope of the invention as
defined in the attached claims.

As an example, all the logic signals may be reverted. Fur-
thermore, the pre-charge signal pch may be active when high.
In addition, the precise timings between the cited signals may
be different than the ones shown in FIG. 5. As an example, the
falling edge of the EOP signal may be triggered by the falling
edge of the signal sDWBL, instead of the rising edge of the
internal clock signal clk-int.

In addition, the reset signal may be generated based on the
discharge of the trigger bit line.

Finally, the EOP generator may generate the EOP signal by
detecting the voltage difference between the first and second
dummy write bit lines DWBLC, DWBLT, thereby imple-
menting a differential operating mode instead of the single-
ended operating mode previously described. The same
applies to the dummy amplifier and the first and second
dummy bit lines DBLC, DBLT.

The various embodiments described above can be com-
bined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the specifi-
cation and the claims, but should be construed to include all
possible embodiments along with the full scope of equiva-
lents to which such claims are entitled. Accordingly, the
claims are not limited by the disclosure.

The invention claimed is:

1. An integrated circuit, comprising:

a static random-access memory (SRAM) array having a
plurality of memory cells;

a driving circuit configured to receive an internal clock
signal; and

a controller configured to:
receive an external clock signal formed by a succession

of external pulses;
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generate the internal clock signal having a succession of
internal pulses;

generate in a first mode, for each external pulse, a cor-
responding internal pulse;

control in the first mode the driving circuit to carry out
one access to the memory array for each internal
pulse;

generate in a second mode, for each external pulse, a pair
of'internal pulses, the pair of internal pulses including
a first pulse and a second pulse, the first pulse occur-
ring before the second pulse;

direct in the second mode, upon receiving a first pulse of
said pair of internal pulses, the driving circuit to write
a first data item in a set of memory cells;

direct in the second mode, upon receiving a second pulse
of said pair of internal pulses, the driving circuit to
read said set of memory cells to acquire a second data
item;

compare the first data item with the second data item;
and

detect at least one faulty memory cell based on the
comparison of the first and second data items.

2. The integrated circuit according to claim 1 wherein the
first pulse and second pulse of each pair of internal pulses are
distant in time less than a period of the external clock signal,
the second mode defining a test mode of the SRAM memory
device.

3. The integrated circuit according to claim 2 wherein the
controller is further operable in the second mode to:

if the first data item and the second data item are different,

control the driving circuit to carry out, upon receiving

another internal pulse following the second pulse of said

pair of internal pulses, a further read of said set of

memory cells to acquire a third data item; and
compare the first data item and the third data item.

4. The integrated circuit according to claim 1, comprising:

a pair of data bit lines connected to each corresponding

column of memory cells in the memory array; and

a dummy write bit line;

wherein said controller is further operable in the first mode

to generate a corresponding pre-charge pulse of a pre-

charge signal for each generated internal pulse;

wherein said controller is further operable in the second
mode to generate a corresponding pair of pre-charge
pulses of said pre-charge signal for each generated pair
of internal pulses;

wherein each pre-charge pulse includes a first edge and a

second edge, the driving circuit configured to receive the

pre-charge signal, the driving circuit having:

a data cell discharge circuit configured to discharge the
data bit lines following the reception of the first edge
of each pre-charge pulse;

a data cell pre-charge circuit configured to recharge the
data bit lines following the reception of the second
edge of each pre-charge pulse;

a dummy write discharge circuit configured to discharge
the dummy write bit line following the reception of
the first edge of each first pulse of each pair of pre-
charge pulses;

a dummy write pre-charge circuit configured to recharge
the dummy write bit line following the reception of
the second edge of each first pulse of each pair of
pre-charge pulses; and

a timing circuit configured to generate an end-of-pre-

charge signal indicative of each recharge of the dummy

write bit line, the controller further operable in the sec-
ond mode to:

15

20

25

30

35

40

45

50

55

60

65

12

generate the second pulse of each pair of internal pulses
based on said end-of-pre-charge signal.

5. The integrated circuit according to claim 4, comprising:

a load coupled to the dummy write bit line, said end-of-
pre-charge signal further indicative of the end of the
recharge of the data bit-lines following the reception of
the second edge of each first pulse of each pair of pre-
charge pulses.

6. The integrated circuit according to claim 4, said driving

circuit comprising:

an access circuit;
wherein said controller is further operable in the first mode
to:
direct the access circuit to carry out one operation
between a reading or a writing of the memory array
during the time interval between each discharge and
the following recharge of the data bit lines; and
wherein said controller is further operable in the second

mode to:

direct the access circuit to write said first data item
during the time interval between the discharge and the
recharge of the data bit lines which follow, respec-
tively, the reception of the first and second edge of the
first pulse of the pair of pre-charge pulses which cor-
responds to said pair of internal pulses; and

direct the access circuit to read said second data item
during the time interval between the discharge and the
recharge of the data bit lines which follow, respec-
tively, the reception of the first and second edge of the
second pulse of the pair of pre-charge pulses which
corresponds to said pair of internal pulses.
7. The integrated circuit according to claim 4, comprising:
a dummy read bit line;
a dummy read discharge circuit configured to discharge the
dummy read bit line following the reception of the first
edge of each pre-charge pulse;
a dummy read pre-charge circuit configured to recharge the
dummy read bit line following the reception of the sec-
ond edge of each pre-charge pulse;
a reset circuit configured to generate a reset signal indica-
tive of the end of the discharge of the dummy read bit
line;
wherein said controller is configured to receive the reset
signal;
wherein said controller is further operable in the first mode
to:
generate a first and a second edge of each internal pulse
as a function of, respectively, an edge of the corre-
sponding external pulse and said reset signal; and

wherein said controller is further operable in the second

mode to:

generate the first and the second edge of the first pulse of
said pair of internal pulses as a function of, respec-
tively, an edge of the corresponding external pulse and
said reset signal; and

generate the first and the second edge of the second pulse
of said pair of internal pulses as a function of said
end-of-pre-charge signal and said reset signal.

8. A method to test a static random-access memory

(SRAM) memory device including a memory array formed
by a plurality of memory cells, a driving circuit, and a con-
troller, said method comprising:

receiving an external clock signal formed by a succession
of external pulses;

generating an internal clock signal formed by a succession
of internal pulses;
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selecting a first set of acts during a first mode and selecting
and selecting a second set of acts during a second mode;
carrying out the acts of the selected set;
wherein the first set of acts includes:
generating, for each external pulse, a corresponding
internal pulse; and
carrying out one access to the memory array for each
internal pulse; and
wherein the second set of acts includes:

generating, for each external pulse, a pair of internal 10

pulses, the pair of internal pulses including a first
pulse and a second pulse, the first pulse occurring
before the second pulse and, for each pair of internal
pulses:
at a first pulse of said pair of internal pulses, writing a
first data item in a set of memory cells;
at a second pulse of said pair of internal pulses, read-
ing said set of memory cells to acquire a second
data item;
comparing the first data item with the second data
item; and
detecting at least one faulty memory cell based on the
comparison of the first and the second data items.
9. The method according to claim 8, comprising:
in case the first and the second data item are different:
carrying out, upon receiving another internal pulse which
follows the second pulse of said pair of internal pulses, a
further reading of said set of memory cells to acquire a
third data item; and
comparing the first data item and the third data item.
10. The method according to claim 8, comprising:
providing a pair of data bit lines, each pair connected to a
corresponding column of memory cells in the memory
array;
providing a dummy write bit line;
wherein the first set of acts further includes:
generating a corresponding pre-charge pulse of a pre-
charge signal for each internal pulse;
wherein the second set of acts further includes:
generating a corresponding pair of pre-charge pulses of
said pre-charge signal for each pair of internal pulses,
each pre-charge pulse having a first edge and a second
edge;
discharging the data bit lines following the first edge of
each pre-charge pulse;
recharging the data bit lines following the second edge
of each pre-charge pulse;
discharging the dummy write bit line following the first
edge of each first pulse of each pair of pre-charge
pulses; and
recharging the dummy write bit line following the sec-
ond edge of each first pulse of each pair of pre-charge
pulses;
wherein the method further includes generating an end-of-
pre-charge signal indicative of each recharge of the
dummy write bit line;
wherein the second set of acts further includes:
generating the second pulse of each pair of internal
pulses based on said end-of-pre-charge signal.
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11. The method according to claim 10, wherein said gen-
erated end-of-pre-charge signal is also indicative of the end of
the recharge of the data bit-lines following the second edge of
each first pulse of each pair of pre-charge pulses.

12. The method according to claim 10 wherein the first set
of acts further includes:

carrying out one operation between a reading or a writing

of the memory array during the time interval between
each discharge and the following recharge of the data bit
lines; and

wherein said second set of acts includes:

writing said first data item during the time interval between

the discharge and the recharge of the data bit lines which
follow, respectively, the first and second edge of the first
pulse of the pair of pre-charge pulses which corresponds
to said pair of internal pulses; and

reading said second data item during a time interval

between the discharge and the recharge of the data bit
lines which follow, respectively, the first and second
edge of the second pulse of the pair of pre-charge pulses
which corresponds to said pair of internal pulses.

13. A single integrated circuit memory device, comprising:

a memory array having a plurality of memory cells; and

a controller configured to:

generate, in a first mode, a series of internal clock pulses;

carry out, in the first mode, one access to the memory
array for each internal pulse of the series of internal
clock pulses;

generate, in a second mode, a series of internal clock
pulse pairs, the pair of internal pulses including a first
pulse and a second pulse, the first pulse having a first
edge and a second edge that occur before a first edge
of the second pulse;

write a first data item in a set of memory cells, in the
second mode, upon receiving the first pulse of each
internal clock pulse pair;

read a second data item from the set of memory cells, in
the second mode, upon receiving the second pulse of
each internal clock pulse pair;

compare the first data item with the second data item;
and

detect at least one faulty memory cell of the plurality of
memory cells based on the comparison of the first and
second data items.

14. The single integrated circuit memory device according
to claim 13 wherein the first and second pulse of each pair of
internal pulses are distant in time less than a period of an
external clock signal, and the second mode defines a test
mode of the memory device.

15. The single integrated circuit memory device according
to claim 14 wherein the controller is further operable in the
second mode to:

read, if the first and the second data items are different,

upon receiving another internal pulse following the sec-
ond pulse of a respective internal clock pulse pair, a third
data item from the set of memory cells; and

compare the first data item to the third data item.
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